Transposition of Mu is strictly dependent on a specific orientation of the left (L) and right (R) ends of Mu and a distant enhancer site (E) located on supercoiled DNA. Five DNA crossings are trapped in the three-site synapse, two of which are contributed by the interwrapping of L and R. To determine the contribution of E to the interwrapping of Mu ends, we examined the topology of the LR synapse under two different enhancer-independent reaction conditions. One of these conditions, which also alleviates the requirement for a specific orientation of Mu ends, revealed two topologically distinct arrangements of the ends. In their normal relative orientation, L and R were either plectonemically interwrapped or aligned by random collision. Addition of the enhancer to this system channeled synapsis toward the interwrapped pathway. When the ends were in the wrong relative orientation, synapsis occurred exclusively by random collision. In the second enhancerindependent condition, which retains the requirement for a specific orientation of Mu ends, synapsis of L and R was entirely by interwrapping. The two distinct kinds of synapses also were identified by gel electrophoresis. We discuss these results in the context of the ''topological filter'' model and consider the many contributions the enhancer makes to the biologically relevant interwrapped synapse.
Transposition of Mu is strictly dependent on a specific orientation of the left (L) and right (R) ends of Mu and a distant enhancer site (E) located on supercoiled DNA. Five DNA crossings are trapped in the three-site synapse, two of which are contributed by the interwrapping of L and R. To determine the contribution of E to the interwrapping of Mu ends, we examined the topology of the LR synapse under two different enhancer-independent reaction conditions. One of these conditions, which also alleviates the requirement for a specific orientation of Mu ends, revealed two topologically distinct arrangements of the ends. In their normal relative orientation, L and R were either plectonemically interwrapped or aligned by random collision. Addition of the enhancer to this system channeled synapsis toward the interwrapped pathway. When the ends were in the wrong relative orientation, synapsis occurred exclusively by random collision. In the second enhancerindependent condition, which retains the requirement for a specific orientation of Mu ends, synapsis of L and R was entirely by interwrapping. The two distinct kinds of synapses also were identified by gel electrophoresis. We discuss these results in the context of the ''topological filter'' model and consider the many contributions the enhancer makes to the biologically relevant interwrapped synapse.
DNA topology ͉ topological filter ͉ Mu transposase ͉ Cre recombination S ite-specific recombination systems have provided a microscope for understanding how distant DNA segments interact with each other. Some of these systems are highly selective with respect to orientation of the interacting sites and recombine through a very specific synapse topology. Examples include phage Mu transposase and several resolvase and invertase systems (1) (2) (3) (4) (5) (6) (7) (8) . How is their specific topology selected? What distinguishes these systems from more permissive ones such as Flp recombinase and phage integrase, which can interact by random collision and recombine through a spectrum of DNA topologies (9, 10) ? A hallmark of the former systems is the participation of three sites in the productive synapse, whereas the latter systems involve interaction of two sites. A three-site synapse on a circular, supercoiled substrate is thought to arise by DNA slithering or branching rather than by random collision and can be highly restrictive with respect to the permissible orientation of the interacting sites.
There exist mutant invertases and resolvases that do not require complex synapse architecture or substrate circularity and give random-collision recombination products. These proteins have acquired independence from the enhancer or accessory binding sites (11) (12) (13) (14) . For the Mu transposase (MuA), two different enhancer-independent situations have been described. One involves an enhancer-independent transposase that, unlike the invertase and resolvase systems, does not relieve the dependence on DNA supercoiling or on the correct orientation of Mu ends (15, 16) . The other involves addition of Me 2 SO (dimethyl sulfoxide) to the reaction; this situation does provide independence from topological and directional restrictions (17) . We address both situations in this work.
A normal Mu transposition synapse traps five supercoils by intertwining the left (L) and right (R) ends of Mu with the enhancer element (E); three supercoils are contributed by crossings of E with L and R and two by crossings of L with R (7). The overall topology of this synapse is maintained throughout transposition (8) . The transposase MuA can recreate a similar topology on nicked substrates in the presence of Me 2 SO, suggesting that formation of the interwrapped architecture is an active process rather than a fortuitious trapping of the DNA crossings already present in supercoiled DNA (18) . Although the dual DNA-binding specificity of MuA for sites within the ends as well as the enhancer likely sets up the E-R͞E-L crossings, the L-R crossings must be brought about by a different set of interactions. It is known that MuA subunits nearest the Mu termini direct their active sites toward the opposite end and cleave in trans (19) (20) (21) . Thus, MuA-Mu end interactions in conjunction with MuA-MuA interactions likely set up the L-R crossings.
We show in this work that the Mu transpososome displays a relaxed topological specificity on supercoiled substrates under enhancer-independent Me 2 SO conditions, while maintaining its topological specificity under conditions employing the enhancerindependent transposase. Presence of the enhancer influences the mode of synapsis under the Me 2 SO conditions. We discuss the significance of these results in the context of an earlier ''topological filter'' model (2, 22, 23) as well as consider the multiple regulatory roles of the enhancer in Mu transposition.
Materials and Methods
Transposition Substrates. Plasmids pZY⌬EDir, pZY⌬EIn, pZY⌬E(R)Dir, pZY⌬E(R)In, pZY⌬E(L)Dir, and pZY⌬E(L)In are derived from pSPDir, pSPIn, pSP(R)Dir, pSP(R)In, pSP(L)Dir, and pSP(L)In described in ref. 7 , respectively, and were constructed by replacement of an 887-bp E-containing fragment with the same length of nonspecific DNA. pZY⌬E-49, pZY⌬E-53, and pZY⌬E-59 were constructed by replacement of an E-containing fragment with a series of different lengths of nonspecific DNA fragments in pSPDir, resulting in Mu-domain lengths of 2,390, 2,811, and 3,414 bp, respectively. pZY⌬E-R inv Dir, pZY⌬E-R inv In, pZY⌬E-R inv (L)Dir, pZY⌬E-R inv (L)In, and pZY⌬E-R inv -53 were created by inverting a 214-bp SalI-AatII fragment encompassing attR in pZY⌬EDir, pZY⌬EIn, pZY⌬E(L)Dir, pZY⌬E(L)In, and pZY⌬E-53, respectively. In substrates used for site-specific nicking, a unique recognition sequence 5Ј-CC ƒ TCAGC-3Ј for N.BbvC 1B was engineered into either the Mu or non-Mu domain. In results shown in this work, this site was 375 nucleotides from the R end on the top strand in the Mu domain.
Nicking endonucleases and restriction endonucleases were from New England Biolabs.
Assembly of Mu Transposition Complexes and Cre Recombination
Reactions. Mu transpososomes (Type 0 complexes) were assembled with 30 g͞ml miniMu plasmid DNA, 10 g͞ml HU, and 7 g͞ml MuA(E392A) in 20 l of 20 mM Hepes⅐KOH (pH 7.6), 10 mM MgCl 2 , 140 mM NaCl, and 15% Me 2 SO for 30 min at 30°C (21). For assays employing MuA(⌬1-84), Me 2 SO was omitted, and CaCl 2 was substituted for MgCl 2. Cre recombination was initiated by addition of 0.2 g of Cre followed by further incubation at 30°C for 30 min. Reactions were stopped by heating at 75°C for 10 min. DNA was nicked by addition of 1 unit of DNase I in buffer containing 20 mM Hepes⅐KOH (pH 7.6), 5 mM MgCl 2 , 2 mM EDTA, and 0.3 mg͞ml ethidium bromide. After incubation at 30°C for 20 min, reactions were stopped by addition of SDS (0.1% final) and 4 g of proteinase K followed by phenol͞chloroform extraction and ethanol precipitation. Marker catenane and knot ladders were obtained by carrying out Cre recombination at pH 9.0 (26).
Relaxation of Transposition Complexes with Nicking Endonuclease.
Type 0 complexes were assembled with MuA(E392A) as described above, followed by the treatment with N.BbvC 1B for 60 min at 30°C, and analyzed by agarose gel electrophoresis.
Results
We have used ''difference topology'' to carry out the topological analyses described in this work. The basis of this assay is that recombinases such as Cre (or Flp) carry out recombination from a planar, antiparallel synapse (27, 28) and do not cross the recombination sites during DNA exchange (29, 30) . Hence, the DNA crossings established by an external synapse can be read off directly from the number of nodes present in the knot and catenane recombination products formed from inversion and deletion substrates, respectively (7).
Correctly Oriented Mu Ends Can Synapse in Two Ways Under Me2SO
Conditions. Me 2 SO conditions reduce the Mu transposition reaction to a two-site system composed of only the L and R ends, without participation of the enhancer. Encounter of the two sites by the normal slithering mode will not include any interdomainal nodes between the Mu and non-Mu domains, whereas encounter by random collision will include a random number of interdomainal nodes (Fig. 1A) . We will refer to the resulting nucleoprotein complexes as ''interwrapped'' (IW) and ''random collision'' (RC) synapses, respectively. These two kinds of synapse can be distinguished by recombination at a pair of loxP sites positioned adjacent to L and R within the Mu domain. Cre recombination in an IW synapse will generate deletion and inversion products that are unlinked and unknotted, as in a Cre-alone control reaction ( Fig. 1B ; only deletion is shown). In a RC synapse, however, the products of Cre recombination will be a series of knots for inversion and catenanes for deletion ( Fig.  1C ; only deletion is shown). When loxP sites are positioned on either side of L or R, they should report on an IW synapse ( Fig.  1 D and E) , because Mu ends are not plectonemically intertwined in a RC synapse. After Cre recombination, formation of a two-noded catenane on a deletion substrate (Fig. 1D ) and a three-noded knot on a matched inversion substrate (Fig. 1E ) would indicate that L contributes two crossings to this synapse. The extra crossing in the inversion knot results from the need to align the loxP sites in the correct antiparallel geometry for the Cre reaction to occur.
Reactions with the enhancerless pZY⌬E substrates depicted in Fig. 1 B-E are shown in Fig. 2 . To avoid Mu end cleavage and strand transfer, a catalytically inactive variant MuA(E392A) was used. The DNA topology within a complex assembled with MuA(E392A) is indistinguishable from that assembled with wild-type MuA (7, 8) . An uncleaved Mu transpososome is called Type 0 complex. After the Cre reaction, samples were treated with DNase I to nick the DNA to resolve the knots and catenanes by removing supercoils. Incubation of pZY⌬E with MuA(E392A) in the presence of Me 2 SO resulted in the formation of the Type 0 complex, which migrates just above the supercoiled substrate ( Fig. 2 A, lane 2) . Cre recombinase was added to the reaction after Type 0 formation. Cre-alone control reactions (Fig. 2B , lane 2) yielded two unlinked deletion circles, the smaller D1 of which has migrated further in the gel and is not included in the figure; an equivalent reaction on the In substrate produced the unknotted inversion product (Fig. 2B, lane 5) , whose identity was confirmed by restriction enzyme digestion (data not shown; see ref. 7). In the presence of MuA(E392A), Cre recombination yielded a random series of products: two-, four-, six-, and eight-noded catenanes on the Dir substrate (Fig. 2B , lane 3; D2 overlaps with eight-noded catenane product) and three-, five-, seven-, and nine-noded knots on the In substrate (Fig. 2B, lane 6 ). This result is expected for a RC synapse (see Fig. 1C ). The reason for the higher representation of two-noded catenane and three-noded knot products can be accounted for by the existence of DNA branches in substrates (31) . Synapsis of sites around branch points would generate recombination products with a lower number of nodes; the probability of lower-number products increases in multiply branched molecules.
To test for an IW synapse under the same conditions (see Fig.  1 D and E) , the pZY⌬E [(L) or (R)] substrates were used ( Fig.  2 C and D, lanes 1-6) . In the presence of MuA(E392A), Cre recombination yielded a two-noded catenane as the major product on the Dir substrates ( Fig. 2 C and D, lane 3) and a three-noded knot on the In substrates ( Fig. 2 C and D, lane 6) . Thus, L and R cross each other twice in an IW synapse, just as they do in the normal synapse (7, 8) . We note that in the absence of Me 2 SO, there was no interwrapping of the L and R sites on a similar enhancerless substrate (7, 8) .
The results in Fig. 2 show that L and R can interact within both IW and RC synapses under the enhancer-independent Me 2 SO conditions. The conclusion from the topological analysis that the Type 0 complex (Fig. 2 A) is a mixture of two types of synapses is supported in later experiments involving direct visualization of these complexes on agarose gels (see Fig. 6 ). Although the data in Fig. 2 do not exclude the possibility that L and R also intertwine in a RC synapse, results with inverted end substrates in Fig. 4 show this configuration unambiguously.
Presence of Enhancer Promotes IW Synapsis. To determine whether presence of the enhancer would impose topological selectivity under the Me 2 SO conditions, experiments similar to those shown in Fig. 2 were carried out on pSP substrates with a wild-type arrangement of all three interacting sites. As shown in Fig. 3A , pSPDir gave a predominant four-noded catenane͞three-noded knot pattern under normal reaction conditions, i.e., without Me 2 SO (Fig. 3A, lanes 4 and 8, respectively) ; this pattern arises from the three crossings the enhancer makes with L and R together (7) . In the presence of Me 2 SO (Fig. 3A, lanes 3 and 7) , the pattern appeared to resemble that seen without Me 2 SO (compare with lanes 4 and 8), although a RC pattern was also evident to some degree (compare with Fig. 2B, lanes 3 and 6) . Consideration of the next set of results, shown in Fig. 3 B and C and later in Fig. 6 , suggests that although both kinds of synapses are likely to be present, the IW synapse predominates in Me 2 SO when the enhancer is present.
Formation of the IW synapse was specifically monitored by using substrates where loxP sites flank either L or R (Fig. 3 B and Fig. 2 except with wild-type pSP substrates, which include the enhancer, with or without Me 2SO. Other symbols are as in Fig. 2 . In A, the identity of the bands below D2(oc) in lanes 3 and 4 is not known.
C).
A similar pattern was observed with or without added Me 2 SO. Thus, the four-noded catenane͞five-noded knot pattern seen in Fig. 3B (lanes 3 and 7 with Me 2 SO and lanes 4 and 8 without Me 2 SO), comes from the four crossings that R makes with L and E together (7). In Fig. 3C , the four-noded catenane͞ three-noded knot pattern (lanes 3 and 7 with Me 2 SO and lanes 4 and 8 without Me 2 SO), comes from three crossings that L makes with R and E together (7). The amounts of recombination products generated with these substrates were largely similar with or without Me 2 SO, as was the amount of complex formation (data not shown). If synapsis occurred equally by both pathways in Me 2 SO, one might expect the RC synapse to not contribute to the recombination products observed with these substrates (Fig. 3 B and C) , resulting in lower amounts of products or higher amounts of unreacted substrate in Me 2 SO when compared with normal conditions. Overall, the results in Fig. 3 suggest that synapsis by the IW pathway may be favored when the enhancer is present under the Me 2 SO conditions. In later nicking experiments, we show that the IW synapse is indeed predominant under these conditions. Thus, the enhancer contributes to the topological selectivity of the Mu synapse.
Incorrectly Oriented Mu Ends Synapse Exclusively via RC.
On a supercoiled substrate, incorrectly oriented ends would experience difficulty in aligning sites for correct interwrapping (2). This hindrance is thought to be the basis for the topological selectivity of the particular orientation of reactive sites. To test this hypothesis, we carried out Cre reactions on similar substrates as described in Fig. 2 , except that the Mu ends were in the wrong relative orientation. The superscript ''inv'' denotes that the indicated site preceding it is inverted relative to its normal orientation.
For the pSP-R inv ⌬E substrate, when loxP sites were adjacent to L and R inv within the Mu domain, the Cre-alone reactions on Dir and In substrates (Fig. 4A, lanes 2 and 5) yielded the expected deletion and inversion products as described in Fig. 2 . In the presence of MuA(E392A), Cre recombination yielded a random series of catenanes and knots (Fig. 4A, lanes 3 and 6,  respectively) , as observed for the pSP⌬E substrate with a normal orientation of ends (see Fig. 2B ). We note that correctly oriented Mu ends will trap an even number of interlinks between the Mu and non-Mu domains, whereas incorrectly oriented ends (when aligned correctly) will trap an odd number of interlinks. However, because Cre recombinase will introduce one additional node to align loxP sites in an antiparallel configuration in Dir vs. In substrates, there will ultimately be no difference in the product distribution between correct vs. incorrect endorientation substrates (compare Fig. 4A with Fig. 2B ).
When the loxP sites were adjacent to L, Cre recombination did not yield catenated or knotted products above the control lanes in the presence of MuA(E392A) (Fig. 4B , compare lanes 2 vs. 3 and 5 vs. 6). Similar results were obtained when loxP sites were adjacent to R (data not shown). This result is in contrast to the results seen with correctly oriented ends (see Fig. 2 C and D) . Thus, incorrectly oriented ends align only within a RC synapse and do not intertwine. Including the enhancer in these substrates did not alter the results; i.e., only the RC synapse was detected (data not shown).
In summary, L and R synapse exclusively by RC without intertwining when they are incorrectly oriented. (Fig. 5A, lane 2) . With pZY⌬E, Cre recombination did not yield catenated or knotted products above the control lanes (Fig. 5B , compare lanes 2 vs. 3 and 5 vs. 6). Thus, unlike the two-site synapse made in the presence of Me 2 SO (see Fig. 2B ), L and R do not form the RC synapse with MuA(⌬1-84). When loxP sites flanked either L or R, two-noded catenane͞three-noded knot products were obtained ( Fig. 5 C and D, lanes 3 and 6) , showing that L and R interwrap twice as in the normal synapse. We conclude that L and R ends also contribute to topological specificity of the Mu synapse. Visualization of the Two Synapses on Agarose Gels. The topological analyses presented in Figs. 2-5 show the existence of two kinds of synapses in assembled transpososomes. To test for these synapses by a more direct method, we nicked the complexes and subjected them to agarose gel electrophoresis. Provided the nicked complexes are stable enough to survive electrophoresis, we hoped they would fractionate into distinct mobility classes based either on differences in overall shape (see Fig. 1 A) or differences in dissipation of the nick over the plasmid. A specific nicking site for N.BbvC 1B was engineered into the Mu domain (see Materials and Methods; nicking in the non-Mu domain converted the entire Type 0 complex band to the relaxed position). Complexes were assembled in Me 2 SO on the pZY⌬E substrate (Fig. 6A, lane 2) . When subjected to site-specific nicking with N.BbvC 1B, two bands were observed (Fig. 6A, lane  3) . The higher-mobility complex was designated IW, because it migrates between the supercoiled (sc) and open circular (oc) position, where a normal cleaved Type I complex would migrate upon losing half its supercoils (32) . The slower mobility band was designated RC; support for this assignment comes from examining complexes made on inverted-end substrates that give exclusively RC products (see Fig. 4 ). When inverted-end complexes were nicked in the Mu domain, a single band at the RC position was observed (Fig. 6B, lane 3) . From the slower mobility and lower amounts of this band (see also Fig. 6A, lane 3) , we suspected that both domains of the plasmid were relaxed in the complex, compromising its stability. This conjecture was tested by assembling the complex on a substrate prenicked with N.BbvC 1B (Fig. 6B, lanes 4 and 5) . The mobility and recovery of the RC band in lane 5 was similar to that in lane 2. The results in Fig.  6 A and B not only confirm that two kinds of synapses are formed in Me 2 SO but also show that these synapses respond differently to the presence of a nick in the Mu domain and therefore must be structurally different. In the IW complex, the nick is confined to the Mu domain, whereas in the RC complex it apparently dissipates over the entire plasmid. We note that the nick would be on opposite (Watson vs. Crick) strands in RC complexes formed on normal vs. inverted-end substrates.
Support for the identity of the IW complex also came from examining Type 0 complexes formed on normal substrates in the absence of Me 2 SO; these complexes are expected to include the enhancer and to be exclusively of the IW variety (Fig. 6C, lane  2) . Upon nicking, a single band at the IW position was observed (Fig. 6C, lane 3) . In complexes assembled in the presence of Me 2 SO, the IW band was predominant after nicking, with only a hint of product at the RC position (Fig. 6C, lane 6) . Nearly quantitative conversion of the Type 0 band to the IW band in Fig.  6C (compare lane 5 vs. 6 ) supports results from topological experiments, where the IW synapse appeared to be favored (see Fig. 3 ).
Additional tests to further confirm the identity of the RC and IW bands involved using substrates with increasing lengths of DNA in the Mu domain; site-specific nicking of the Mu domain is expected to lead to a larger shift in the mobility of the IW vs. the RC complex, because a nicked RC complex is already fully relaxed. This expectation was borne out (see Fig. 7 , which is published as supporting information on the PNAS web site).
In summary, RC and IW synapses identified by topological experiments also were visualized by agarose gel electrophoresis.
Discussion
We have examined the topology of the Mu transposition synapse under two kinds of enhancer-independent conditions. We find that, in the presence of Me 2 SO, correctly oriented ends align within both an IW and a RC synapse. Introduction of the enhancer, however, channels synapsis through the IW pathway. When Mu ends are in the wrong relative orientation, synapsis occurs exclusively by RC. Formation of this RC synapse demonstrates that intertwining of the ends is not essential for productive synapsis on supercoiled DNA. With an enhancerindependent MuA, correctly oriented Mu ends pair exclusively through the IW synapse. We have visualized the two structurally different kinds of synapses on agarose gels after nicking the Mu domain. We discuss these results in greater detail below.
Topological Filter. Topological characterization of DNA-protein intermediates in the Mu transposition pathway suggests a defined order in the interaction of the enhancer with the Mu ends, concomitant with assembly of the transpososome (8) . ER appears to be a critical early intermediate that nucleates assembly and is a prerequisite for capture of L to form the three-site complex LER (33) . Interactions between the six MuA subunits expected to be associated with the LER synapse lead to formation of a stable MuA tetramer bridging the two Mu ends, enabling the chemistry of transposition (32) . The five-noded DNA crossing pattern established by the three sites upon synapsis is retained at least until the strand cleavage step, and the enhancer is still associated with the complex until completion of strand transfer. The transpososome intermediates along the transposition pathway are progressively more stable, implying progressive conformational changes in the complex (32) .
How is the topology of a recombination synapse determined? Why is the Mu synapse normally limited to the IW variety, when it is clear from these studies that a RC synapse can be made? Because the latter is only made under enhancer-independent Me 2 SO conditions (Figs. 2 and 4) , it follows that the enhancer normally participates in imposing the observed topological specificity. This inference is consistent with our finding that the enhancer selects for the IW synapse under Me 2 SO conditions (Figs. 3 and 6) . However, the enhancer-independent mutant of MuA(⌬1-84) works only through the IW synapse ( Fig. 5; ref. 16 ). This finding implies that the enhancer is not the only determinant of topological selectivity but that the Mu ends also make a contribution. This finding is somewhat surprising in view of the fact that systems requiring only two recombination target sites enjoy greater topological freedom than those that require a third site. We offer an interpretation that can reconcile both of these sets of findings. This interpretation falls within the framework of an earlier topological filter model that proposes that selection of a particular synapse occurs after the initial encounter of sites by any mechanism, such that synapsis will lead to products only if a productive synapse of the required local DNA geometry can be formed (2, 22, 23) . According to this model, collision complexes that cannot be readily converted to the productive synapse are unstable, implying that the observed topology must support the most stable synapse. We suggest that during normal transpososome assembly, the ordered intertwining of the enhancer with the Mu ends generates a stepwise series of conformational changes in the transposase, changes that cannot be induced when the sites collide randomly. In this scenario, the enhancerindependent MuA mutant is only partially independent in that it has acquired independence from the enhancer but not from the Mu ends; intertwining of L and R is still required for ''unfolding'' MuA into its final synaptic conformation. Full independence from both the enhancer and the Mu ends is only achieved under Me 2 SO conditions. Me 2 SO likely induces the final MuA conformation without going through the stepwise series of interactions. We therefore suggest that it is not that the IW synapse is the only stable synapse, but that the only way to get a stable synapse is to follow the stepwise establishment of the five-noded topology. If either synapse can be made under Me 2 SO conditions, why is the IW synapse favored when the enhancer is introduced (Figs. 3 and 6C) ? We suggest that differences in the initial stability of the nascent complexes are likely responsible. Structural differences between the two synapses are evident from their response to a nick introduced into the Mu domain; the nick is contained within the Mu domain in the IW synapse but apparently dissipates to the non-Mu domain in the RC synapse whether positioned on the Watson or Crick strand (Fig. 6 ). We do not know the basis for the differential effect of the nick but speculate that the DNA crossings within the IW synapse lend it more stability. These considerations support the topological filter model and show that the correct geometry of all three sites generates the most stable synapse. Thus, all three sites can be viewed as DNA chaperones that filter the transposase along a specific assembly pathway to yield a ''properly folded'' high-order reaction complex.
Other Roles for the Enhancer. If transposition can be supported by enhancer-independent pairing of Mu ends through a RC synapse, there must be advantages to designing an IW synapse whose formation depends on a third enhancer element. Several can be enumerated that provide regulatory control both in gene expression and in the mechanistic aspects of transposition. First, the N-terminal region of MuA shares extensive homology with the Mu repressor, and both proteins bind the enhancer through this homologous region (32) . When bound by the repressor, the enhancer serves as the operator region to block the transcription of the early transposition functions. Thus, inclusion of this DNA segment as an integral part of the transposition synapse must prevent access to the repressor and regulate the lysis-lysogeny decision by signaling a commitment to transposition and hence to lytic growth. Second, the enhancer-binding region of MuA is at least partly responsible for keeping the MuA monomer catalytically silent, because enhancer-independent mutants have deletions removing this region from the N terminus of MuA (15) . We have argued above that the ordered pathway of transpososome assembly (8) is designed to gradually unfold the catalytic potential of the transposase. Third, if presence of the enhancer lends more stability to the synapse, then this stability must be advantageous during the lytic cycle of phage growth where transposition is coupled to replication, and the transpososome aids in the transition between these two phases (34) . Fourth, as multiple copies of Mu start to accumulate in the host genome, assembly of an IW three-site synapse would ensure that the Mu ends present on the same Mu genome are paired for transposition, rather than ends from neighboring genomes. A similar three-site design in invertase and resolvase systems ensures specificity of site selection during recombination (3, 5, 6, 35, 36) . The contribution of the Mu ends themselves to the topological specificity underscores a similar logic. Finally, the enhancer must be involved in yet another role in transposition, because it stays sequestered within the transpososome even after strand transfer is complete (8, 18) . 
